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TEIE  IMPACT  07  7ACT0R3  ON  GROSS  REOPIRMENRS. 


I.  lntr»dwtioB 

On  8  JanuATy  i960,  the  Oireetor  of  Supply  1q  Headq.xuirter«  Air  Materiel 
Cojaoand  (Major  General  Prank  A*  Bogart)  requeeted  the  eBtahlletmeat  of  a  full 
tixa  MCS  study  group  ”te  reriew  the  present  Hi-Valu  oensumptien  itoBi  requlreneate 
netheds  and  make  reesanuindations  to  me  with  regard  to  simplification  posei- 
hilities.*'  On  the  same  date.  General  Bogart  requested  the  partieipation  of 
Hq  AMC  Operations  Analysis  personnel  in  the  work  of  this  study  group,  on  a 
consultant  has is;  the  Director  of  Flans  and  Programs  (Brigadier  General  Donald  L, 
Hardy)  approTod  the  OA  participation,  and  the  author  of  this  paper  was  assigned 
to  this  project* 

On  20  January  i960,  at  a  meeting  of  the  study  group,  Mr*  Valter  H*  Nelson, 
Jr*,  asked  me  to  study  the  effects  of  rarianees  in  certain  elements  or  "factors'^ 
of  the  requirements  computatlen*  This  study  was  accomplished  and  was  presented 
to  the  Bissriiers  of  the  study  group,  and  was  subsequently  included  in  the 
5  March  i960  briefings  to  General  Bogart,  along  with  the  full  findings  of  the 
study  group*  Following  this ,  a  memorandum  frcxoi  the  AF  Spares  Study  Group 
requested  that  my  study  of  factors  be  published  in  an  operations  analysis  paper. 
It  was  understood  that  sueh  a  paper  would  be  useful  in  connection  with  the 
education  and  orientation  of  personnel  in  the  field  of  logistics* 


II.  The  Study 


Tba  problem  ean  be  steted  «•  follows t  Measure  the  effect  on  Qross  Require¬ 
ments  when  factors  vary  from  certain  specified  raluea  or  "standards.”  To  keep 
the  problem  small  euou^  to  permit  early  solution,  the  following  assumptions 
were  to  be  siadet 

a.  The  logistic  concept  and  system  are  to  be  as  presently  prescribed  in 
regulations  and  manuals ; 

b.  The  gross  requirements  formula  is  giyen; 

0.  specific  ralue  will  be  set  as  the  "standard"  for  each  factor. 

The  standard  factors  were  set  as  shown  in  Figure  I  below.  They  are  merely 
a  set  of  typical  factors  which  an  Item  Manager  might  be  using  in  his  requirements 
computation,  and  were  prescribed  in  order  to  permit  sample  or  illustrative 
computations  to  be  made* 

riGORE  I 

Program  (F)  s  10,000  flying  hours  per  month  ^ 

Load  Time  (LT)  *  9  iBonths 
Repair  Cycle  (RC)  s  3  stonths 
Depot  Repair  Percent  (IRP)  m  100^ 

Stock  Level  (SL)  s  li  months,  15  days  at  depot  and  30  days  at  bases 
Issue  Rate  (IR)  s  .20  per  100  flying  hours  (or  .0020  psr  IH) 

Woarout  Rate  (¥0)  r  .02  per  100  flying  hours  (or ^..0002  per  IH) 

The  "Variances"  of  interest  were  prescribed  as  shov^a  in  Figure  II  below. 
These  rarisnces  were  to  be  processed,  singly  and  in  combination,  to  study  the 
effects  that  rarious  ohaitges  or  errors  in  the  factors  would  hare  on  gross 
requiremsnta. 
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^Throughout  tJals  paper 


'"program'* 


is  ussd  td  mean  monthly  program. 


FIGURE  II 


p  -  1245s.  -  25*.  -  374^ 

LT  i33  1/3SS 

RC  t  35  1/3SS 

JMB  IStoSM 

SL.  N*a« 

IR  1  20*.  t  4QSS 

WO  i  20%  t  thoi 

The  fomule.  to  he  used  wee  furnished  in  Terhal  fern*  as  seen  InBedietely 
helew.  To  permit  menipulatioA  of  the  factors,  the  author  translated  it  into 
the  symhelie  forms  shown  in  equations  1  and  2. 

Gross  Requirements  ■ 

Program  x  12  x  wearout  rate 
plus 

Progrmn  x  lead  time  x  wearout  rate 
minus 

Program  x  repair  cycle  x  wearout  rate 
plus 

Program  x  depot  repair  percent  x  repair  cycle  x  issue  rate 
plus 

Program  x  stock  IotsI  x  issue  rate 
Ca  -  (P)  (12)  (WO)  f  (P)  (LT)  (WO)  -  (P)  (RC)  (WO) 

+  (P)  (EBP)  (RC)  (IR)  -f  (P)  (SL)  (IR)  (Equation  1) 

Ca  X  P['W0(12  +  LT  -  RC)  -/•  IR(EBP  x  RC  -h  SL)J  (Equation  2) 
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th«  stmdard  factors  are  inserted  in  Equation  2  the  results  are  as  shows 
in  Figure  III* 


FIGORE  III 

®  a  P[W0(12  +  LT  -  BC)  i  IR(IBP  x  RC  +  SL)J 

Z  10.000  [.0002  (12  +  9  -  3)  +  *0020  (3  +  1*5^ 
s  (24+  18  -  6)  +  (60  +  30) 

*  36  -f  90  a  126 

(295C)  V-  (7IH)  s  (loose) 

As  ft  asms  of  eryatallizing  the  effects  of  factor  changes,  the  following 
definition  was  then  introduced} 

Factor  lapoet  s  The  extent  to  which  a  change  in  a  factor  is  transstitted  to 
Qross  Requirements* 

I  =  %  change  in  ®  (Equation  3) 

Si  change  in  the  Factor 

This  concept  of  Factor  Inpact  is  essentially  equivalent  to  a  sensitivity 
analysis,  in  which  we  are  inquiring  about  the  extent  to  which  the  gross 
requirement  for  an  item  is  sensitive  to  changes  in  the  values  of  the  factors 
used  in  computing  that  requirement.  Ones  portrayed  this  way,  the  analysis 
leads  directly  to  the  following  conclusion;  the  degree  of  Impact  of  a  factor 
is  equal  to  the  original  fraction  of  the  Grross  Requirement  to  which  that 
factor  contributed.  Thus  if  some  factor  (e.g. ,  the  Issue  Rate)  had  contributed 
te  7131  of  the  original  requirement,  its  Impact  during  a  factor  change  would 
be  71^}  if  this  factor  changed  by  +  3^t  the  Qross  Requirement  would  change 
by  (  +  30%)  times  (  +  7W  ,  or  by  +  21.3%. 
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Tb*  alivr*  ooaelttslon  ia  auffieiently  genaral  that  it  obriated  tha  aaad 
ta  make  tha  numaroua  aampla  aaleulatloQs  aitrlaagad  in  the  original  atatamsnt 
of  the  preblam,  and  in  particular  made  it  vuaneaeaaary  to  znin  eomputations 
uaing  tha  Tarianees  sited  ia  Figure  II  ahore* 

For  tha  ataadard  factora  cited  ia  Figure  I  aheTe*  the  appropriate  ^paet 
Taltiaa  are  directly  diaeernible  from  Figure  III.  Theae  are  recorded  belev  in 
Figure  17. 

FIGCRE  IV 
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100% 

Wearout  Group  [wo(12  +■  LT  -  RG)] 
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U% 

Issue  Rate  Qreup  [^(DRF  x  RC  +  SL)1 

712 

IR  a^oae 

712 

IBF  alone 

4^2 

SL  alone 

21i% 

CoBBisn  Faster 

RC 

k3% 

The  following  examplea  may  help  to  interpret  the  meaning  of  Figure  IVs 

a*  If  F  goea  up  3T%t  OH  geea  up  37%} 

b.  If  F  goea  down  Zl^t  GR  goea  down  2ii^i 

0.  If  %0  goea  up  90^ •  Gai  ge*8  up  2(>%  (9C^  tines  29SS)t 

d.  If  LT  goes  down  30%,  GSt  goes  down  kX  (3^  times  11(2)  • 

It  is  worthy  of  note  that  all  the  factors  except  F  affect  the  Impact 
of  one  another t  as  follows} 

a.  Those  which  are  combined  through  multiplication  reinforce  one 


another's  Impact ; 


b«  Tho««  which  arc  not  oonblued  through  laultlpiLloatloh  ixiflu«n«e 
•u*  cuiothar's  JDnpaet  iuTarccly* 

Am  «B  axample  of  the  ahoTOt  aod  by  reference  to  Equation  2*  the  larger  the 
Issue  Rate  the  greater  the  Inpaet  of  the  £Lteek  Lerrel,  the  saaller  the  L&paet 
of  Wearout  Rate  and  Lead  Tlae* 

By  looking  back  at  Figure  III.  we  eon  see  that  the  Stoek  Lerel  hi^  a 
fairly  strong  Impact  beeause  it  was  associated  with  the  Issue  Rate.  The 
Issue  Rate  in  turn  bad  a  strong  Lapast  because  it  was  so  mush  larger  than 
the  Wearout  Rate*  If  the  item  had  had  a  nuoh  higher  Wearout  RatCt  its  Issue 
Rate  and  Stack  Lewel  would  hare  had  sharply  reduced  Impacts.  Any  inter¬ 
actions  of  this  kind  in  which  one  has  a  special  interest  can  be  fairly 
easily  interpreted  from  Figure  III  if  one  keeps  this  basic  principle  in 
ndndt  a  percentage  change  in  a  factor  has  great  Importance  er  not* 
depending  on  the  propertien  of  the  original  requirement  to  which  that 
factor  contributed. 

The  Impact  ralucs  discussed  up  to  now  all  relate  to  the  particular 
"standard*  or  starting  ralucs  that  were  assigned  by  Figure  I.  By 
rarylng  these,  as  is  done  in  Figure  7.  we  can  see  that  the  Impacts  arc 
substantially  changed.  For  example.  LT  is  relatirely  tmlmportant  with 
Faster  Sets  I  and  II  (because  it  is  asseciated  with  Wearout  Rate,  which  was 
eaUy  ene-tenth  and  one-twentieth  ef  Issue  Rate  in  those  Sets) ;  hewerer  LT 
bcccmes  considerably  more  important  in  Set  III  (beeause  there  its  asseciated 
Wearout  Rate  is  one-fifth  of  the  Issue  Rate).  Rote  else  how  RC  drops 
sharply  in  importance  in  Set  III.  primarily  beeause  of  the  down-grading 
effect  of  the  low  Depot  Repair  Percentage.  Figure  7  suggests  that  broad 
generalizations  about  the  importance  of  specific  factors  cannot  bo  made 
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akstraotly*  but  must  lie  baaed  upon  empirical  examination  of  the  relatire  fre> 
qLuencles  of  certain  factor  relationahips  in  real  life,  particularly  the  IR/WO  ratio. 

FIGKJRE  V 


ALTERNATIVE  FACTOR  VALUES 


aET  I 

SB?  I? 

p 

Any  Talue 

Any  ralue 

Any  Tolue 

LT 

9  moa 

6  moa 

12  moa 

RC 

3  Boa 

2  moa 

5  iK>a 

SL 

1^  mom 

2.  moa 

2  moa 

IR 

.0020/lH 

.0020/FH 

.0010/lH 

WO 

.0002/PH 

.0001/IH 

.0002/PH 

IBP 

100^ 

75% 

3055 
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If  tli«  care  and  th«  scat  wkloh  are  Justifiable  in  factor  darelopoBant  eore 
properly  relatable  to  tbe  Inpaet  of  the  respectire  faetore*  and  since  the 
Lapaet  of  a  partieular  factor  can  vary  considerably,  it  would  appear  that 
many  data  proeessing  decisions  need  to  be  Bade  on  a  ease-by-case  approach* 
lor  example,  if  meiabers  of  a  Hl-Valu  Reriev  Board  are  haring  some  difficulty 
in  detemining  the  correct  ralue  of  some  factor,  for  a  particular  line  item, 
they  should  eompronise  expeditiously  if  the  Impact  is  low,  but  go  to  con¬ 
siderable  lengths  to  get  the  best  ralue  of  the  factor  If  its  Impact  is  high* 

Effects  After  Procurement 

Up  to  this  point,  we  hare  discussed  factor  Impacts  from  a  pre -procurement 
perspectire.  Tor  consideration  of  factor  relationships  after  proeuresient 
actions,  we  need  merely  take  Tigure  III  and  replace  Uross  Requirements  iOR) 
by  Stocks  on  Hand,  then  riew  the  latter  as  a  fixed  quantity#  It  then 
becomes  poasible  to  study  how  an  increase  or  decrease  in  one  factor  leads 
to  forced  decreases  or  increases  respectlrely  in  some  others,  A  few  examples 
follow* 

Let  us  assume  that  wearouts,  after  the  buy,  run  at  *0004  per  flying  hour 
in  lieu  of  the  anticipated  #0002,  After  six  months,  12  units  more  than 
expected  will  hare  worn  out  (10,000  x  6  x  .0004  ts*  10,000  x  6  x  *0002)) 
since  the  depot  stock  objectire  is  one-third  of  the  total  stock  level 
(namely,  one -third  of  the  30  units  in  Tigure  III),  this  variance  in  wecorout 
could  eliminate  our  depot  stock  level# 

Take  a  different  possibility,  namely,  repair  cycle  running  at  4i  months 
instead  of  the  planned  3  months,  due  to  slow  contract  repair  and/or  mlsrouted 
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•hipoeata.  Inatead  of  tying  up  the  6o  unita  ahown  in  figure  III*  thia  alewer 
repair  will  tie  up  90  unita  and  eauae  all  aerrieeable  atock  lerela  te  diaappear* 

Aa  a  third  example »  eonaider  an  issue  rate  which  has  inereaaed  a  mere  13^ 
frem  the  apeeified  *0020  per  IH  to  •0023*  A  3Haonth  repair  cyele  will  then 
held  69  units  instead  ef  the  60  ahown  in  figure  III«  so  the  30  units  originally 
planned  for  base  and  depot  serrieeahle  stoek  lerels  will  ha^e  to  yield  9  unite 
to  the  repair  eycle.  Then  if  the  haaes  raise  their  steek  lerel  from  20  to  23 
they  will  he  slightly  short  (21  inatead  of  23)  and  the  depot  will  he  out  of 
stoek* 

How  eontider  a  final  example*  where  the  worldwide  issue  rate  remains  at 
an  arerage  of  *0020  per  TH,  hut  half  the  haaes  temporarily  experience  a  rise 
in  the  rate  to  *0035  and  the  other  half  experienee  only  *0003  issues  per  fB* 

On  the  aas\imptien  that  haaes  are  prohahly  quioker  in  reacting  to  inereases  in 
demand  than  they  are  in  reset ing  to  decreases,  half  the  bases  will  raise  their 
ateek  lerels  from  a  total  of  10  to  18,  the  other  half  will  not  lower  their 
stock  lerels,  and  depot  stocks  will  almost  disappear*  This  example  is  con¬ 
sidered  to  he  particularly  enlightening  where  Hi»Valu  items  are  eoncemcd, 
sinoe  AKC  depends  hearily  on  user  command  requests  in  setting  the  Hi-7slu 
base  stock  lerels  -  the  audit  or  control  of  such  requests  is  elrnest  impossible 
heeause  pre-issue  methodology  leares  AMC  without  adequate  knowledge  ef 
logistic  experiences  at  base  lerel* 

The  last  example  also  illustrates  fairly  realistically  how  random 
rariations  in  demand  could  caxise  AKC  to  react  by  deciding  that  more  procurement 
is  needed  -  when  in  truth  we  may  he  experiencing  maladjustments  of  stock 
distribution  which  should  tee  corrected  by  stronger  control  of  tease  stock  lerels 
and  by  short  torm  expediting  (e.g*,  project  HOT  SHOT). 
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Br»»dening  the  Prelilwi 

The  prohlens  diaeuaBed  aheve  could  he  broadened  further  through  eoaaid- 
eratlen  of  the  following: 

a.  War  readlneaa  ■aterlel  requlrementa  and  requlreauKata  for  apeeial 
prejeeta  leaeen  the  laipaet  of  all  the  factors  diaeuaaed  ahere. 

h«  The  Inherent  Tariahillty  or  "random”  heharior  of  any  factor  leasena 
our  ability  to  measure  it  accurately  -  eron  if  we  had  a  constant  enTireniBent 
with  failure  rates •  programs*  etc*,  all  holding  firm.  In  the  discussion 
aboTO  we  tacitly  assuiMd  that  all  the  factors  were  accurately  measured. 

When  we  consider  how  sensitire  the  system  is  to  factor  Impacts  "after 
the  buy**  it  is  easy  to  see  that  difficulty  in  measuring  the  factors  can 
lead  to  poor  dee is lens  about  the  correct ire  measures  needed* 

c.  Changes  in  the  enrlrennsnt  (program  changes*  ECFs*  new  policies* 
rerlsed  ebJeetiTes*  etc.)  sererely  reduce  our  swasurement  capabilities* 
d*  Svxmrs  in  the  data  system  compound  the  problem* 
e*  The  factor  Impact  on  Gross  Requiramonts  is  small  compared  to  the 
Impact  on  Net  Requirements* 

Paragraph  a  above  is  rather  self  evident.  Paragraphs  b  throu^  e  are 
briefly  Illustrated  in  figure  71  below,  wherein  the  "erarers"'  are  the  result 
of  a  miscalculation  of  some  factor*  It  is  seen  that  these  errors  have  ssueh 
greater  Impact  on  the  net  requirement  than  on  the  gross  requirement*  with 
a  relationship  as  follows t 

Ijj  m  (Iq)  I  True  Gross  Requirement 
VTrue  Net  Requirement 
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glGORE  VI 


(moss  REQT  (cm) 

NET  RECiT  (IB) 

- 

2003S  . 

•  (WUTED  NR 

1503s  - 

•  C(]NFUTBD  cm 

I503S. 

100^  > 

.  TRUE  OR 

1003s  • 

.  TRUE  IB 

50SS. 

50^  - 

■ 

TRUE  CK08S  -  3OO  UNITS  TRUE  NET  -  I50  UNITS 

CdUFUTED  (SiOSS  >  430  UNI3S  CONFUTED  NET  -  3OO  UNITS 

IgBCR  +  50%  ERROR  +  100^ 

Tk«  •rrers  akown  in  Figur*  VI  can  readily  li«  oompouaded  further  if  there 
is  erroneous  SB&CR  Inforoation  on  assets  arailahle  in  the  system.  Thiis«  if 
we  thought  we  had  only  100  assets  when  we  really  had  150.  we  would  hare  a 
eoKputod  Net  Retiuirement  ef  350*  error  of  +  133%* 

"Toe  Much  Aeeuracy”' 

Since  this  report  is  related  to  a  project  on  data  simplification,  it  is 
well  to  point  out  that  too  little  aeeuracy  in  data  is  not  our  only  data 
prohlem;  there  is  also  a  possihlllty  ef  strlring  for  "too  much  accuracy.*  In 
our  data  reporting  and  data  processing  systems  there  are  undouhtedly  situations 
where  "accuracy*  to  many  decimal  places  is  carefully  (and  expens Its ly)  preserved 
for  certain  data  elements  heyend  the  Icrel  that  is  reasonalile  when  we  sonstdor 

the  ererall  accuracy  of  the  system.  It  mi£^t  he  useful  to  keep  in  mind  that 
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r«quire»«At>  ar«  feM«t  Hy  co  vaay  uacer^aimtits  that  aaaxiraay 

w.ithia  US  ia  aa  artraMly  sabitlaua  goal*  Conaequantly*  vhara  iaaraasea 
in  data  aaetiraey  require  inereaaes  in  expenae.  only  rarely  would  aceuraey 
heyend  the  firat  two  or  three  algnlfieant  plaeea  he  Juatified.  Far 
axamplet  thia  meana  that  a  legiatie  factor  or  rate  vsaaurad  aa  *023500  ia 
te  he  preferred  to  that  element  meaaured  aa  *023478  if  it  ia  mere  eeatly 
te  preeeaa  the  latter  way* 

Thia  does  not  xnean  that  free  infexnation  should  he  deliheratsly  thrown 
away  »  for  example «  it  deea  net  mean  that  data  ehtained  hy  aa  inreatery 
preceaa  ahould  he  automatleally  rounded  to  two  significant  figures.  It  deea 
mean*  hewerer«  that  expensiTc  procedures  should  he  aTolded  if  they  da  net 
imprere  the  aceuraey  of  the  first  two  slgnif leant  figures  ef  eur  final  results* 

Uepacta  on  Flexihility 

Lest  this  paper  he  interpreted  as  a  complete  method  of  evaluating  the 
relative  importance  of  the  factors  dlacusaed*  it  is  well  to  note  that  our 
factors  Influence  other  things  besides  gross  requirements*  They  have 
imi>ortant  effects  Insofar  as  flexibility  end  responsiveness  are  concerned* 

Thus,  if  procurement  lead  times  are  low  for  an  item  on  which  shortages  are 
developing,  we  have  more  opportunity  to  find  other  answers  to  our  problems 
rather  than  a  new  buyi  perhaps  an  engineering  improvement;  perhaps  a  longer 
wait  to  see  whether  recent  increases  in  demand  were  basic  or  mere  random 
fluctuations;  perhaps  aa  opportunity  to  work  with  using  conasEnds  on  faster 
shipment  of  reparables  to  depots,  and  so  forth* 

As  another  illustration,  let  us  take  an  adverse  effect,  for  example, 
one  in  which  stock  level  is  cut  so  low  that  we  have  high  probabilities  of 
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■to«kouts.  The  low  stoek  lerel  nay  h&ye  noall  ^paet  on  groas  requiremeata 

but  rery  large  impaat  indeed  oa  the  overall  effieieaey  and  reekdiaeaa  of  the 
aonbat  nlaaioa*  Full  evaluation  of  faetor  inportanae  obvioualy  requirea 
a  atudy  aonaiderably  more  eztenaive  than  thia  oneo 
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